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DO

e D@ is an international collaboration of
~ 650 physicists from 19 nations who
have designed, built and operate a
collider detector at the Tevatron
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Physics goals

1. Precise study of the known quanta of the Standard Model
— Weak bosons, top quark, QCD, B-physics
2. Search for particles and forces beyond those known
— Higgs, supersymmetry, extra dimensions, other new phenomena

Driven by these goals,
the detector emphasises

— Electron,
muon and
tau identification

— Jets and
missing transverse
energy

— Flavor tagging
through
displaced vertices
and leptons
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Silicon Microstrip Tracker Status
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Scintillating Fiber Tracker

o 8 axial, 8 stereo layers
e VLPC readout
e Performing well
e good light yield
e layer ¢ > 98%
(including dead channels)
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~ 1% of VLPC channels not functional

since November 2003 shutdown
— a one-time event
— contamination in cryostat?

Occupancy matches
- expectations
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Photon Conversion “Tomography”

Fiber Tracker Silicon

6-chip readout HDI
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Calorimeter
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Tfrwea (Micrebarn}

Muon System

e Three layers of scintillator planes for triggering

e Three layers of drift tubes for muon track measurement
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Tracking Performance
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b-tagging

e We have developed three independent vertex tagging algorithms,
together with multiple ways of verifying their efficiencies
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(light quark jets) ~ 1-1.5%

e Also, soft lepton tagging
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Daily Data Taking Efficiency [ 19april2002- s March 2004 |

100%
& D,
0% o
‘ 'y <
$
., o o
0% iy whot)
o® o hd [
I
A
70% A Al
L ]
A
& o ®
c & O
v )
‘0 . R .
S 50 g hd ' 4| }
w A s
4 .3 L® Tevatron Shutdown L
1 ': : 8 Sep - 17 Nov 2003 °
0% gt Y
A
o§ . %‘ * g * .
30% & * o ? hd
oe Ay *
M
20% -: - & hd e Daily Efficiency | |
&, 4 10 Day Average
N |
10% & ! :
19-Apr-2002 19-Jul-2002 19-0ct-2002 19.Jan-2003 19.Apr-2003 19-Jul-2003 19.0ct-2003 19-Jan-2004
- - " .
Run Il Integrated Luminosity 19 April 2002 - 8 March 2004 |
400
w [369
350 +— / [ J
[286 ®
300 1
- 250 vy /
A / / [ J
=
> / /——"'/
'g 200
3 / e
£ / }
3 78% Average Efficiency /| / Tevatron Shutdown
150 86% Current Efficiency _/_/ / &Sep - 17 Nov 2003
100 / / _/_//
/] / — Delivered
50 -
&/ — Recorded
0
19-Apr2002  19.Jul2002  19.0ct2002  19-Jan2003  19-Apr2003  19-Jul-2003 19.0ct2003  19-Jan2004  19-Apr-2004

Operations

The experiment is operating well
and recording physics quality data
with high (~ 90%) efficiency
— Typical “good” day 2 pb!
— Typical “"good” week 10 pb-1
e = Run Iain a week
— We will soon install an updated
trigger list for higher
luminosities
Data are being reconstructed on the
Fermilab farm within a few days
> 280 pb1 on tape
150-250 pb1 being used in current
physics analyses
D@ computing systems served up
0.25PB of data, 8 billion events for
analysis just in the last couple of
months

Our congratulations — and thanks —
both to the Accelerator Division and
the Computing Division
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Remote International Monitoring for the D@ Experiment
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D@ physicists in Europe
and Asia use the internet
and monitoring programs to
examine collider data in real
| time and to evaluate
detector performance and
data quality.
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They use web tools to
report this information back
to their colleagues at
Fermilab.

DO detector

All daytime monitoring shlfts are now being run from Brazil



Our Physics Goals

e Confront the Standard Model through W@

1. The strong interaction

2. The CKM matrix

3. Precision electroweak tests
4. The top quark

5. The Higgs boson

e And directly search for new phenomena not part of the SM

Current status

e Reprocessed 200pb! of data last fall — greatly improved tracking
e ~ 40 analyses in review

e Hope to be showing lots of new results soon

Alas, not all approved in time for this talk

e First Run II PRL paper is in review

John Womersley
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QCD

We need to:

Use well-understood processes to measure proton structure
Resolve some outstanding puzzles

e.g. heavy flavour production, hard diffraction
Understand the backgrounds to new physics

John Womersley




Jet cross sections
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Dijet angular distributions

e Compare with LO QCD and with parton shower Monte Carlo
generators
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Heavy flavour production

Upsilon —» ptp-

e matam aas vy
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Hard diffraction

How can we produce a high mass state like a W or Z and yet leave one
of the beam particles intact? . \ ‘

New instrumentation for Run II: = N\ A
— FPD (Roman pots at z = + 23, 33, 57, 59m) [ A
— veto counters to cover 2.5 < |n| <6

Diffractive Z analysis nhow underway using
both rapidity gaps and FPD

— Relate rapidity gaps to diffractive
(anti-)protons seen in Roman Pots

— Maeasure the “gap survival probability”
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Diffractive Z Candidate

Run 174240 Event 32546648
ET scale: 3 GeV
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CKM Physics |

Confront the unitarity triangle in ways that complement
measurements at the e*e~ B-factories Am,/Am,

e.g. through the BYg system . .. ) N
Y p

Also, can measure V,, through single top production

John Womersley



Putting the tools in place

D@ does not exploit purely hadronic triggers, but benefits from large
muon acceptance, forward tracking coverage, and ability to make use
of J/y —» ete"

e J/vy, ¢, K... reconstruction
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e B tagging - muons, electrons, displaced vertices
 Flavor tagging - estimates from B* — J/y K*

e Opposite side jet charge tagging power ¢éD2=3.3+1.1%
e Opposite side soft muon tagging power ¢sD2= 1.6+0.6%
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Towards a Bg Mixing Measurement

e BsoDgp+X e B, oscillations
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Electroweak Physics |

Indirectly constrain new physics through precision
measurements of electroweak parameters, especially m,

Also measure forward-backward asymmetry in Z production,
multiboson production, boson + jets, ...

John Womersley
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WZ production

ET scale: 808 GeV

3.7 3.7

e See 2 candidates in epp and 1 in ppp
— Rate roughly consistent with SM Wy analysis also in progress
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The Top Quark |

The Tevatron Collider is the world’s only source of top quarks

Top couples strongly to the Higgs field:
offers a window on fermion mass generation

We need to:

Measure its properties with greatly increased statistics
- the top mass constrains the Higgs sector

- search for surprises, anomalies?

John Womersley




p

Run II top candidate

B decay _

" / -
e
; 2
| -
i -

. =" Primary vertex

b-jet

Primary vertex =

e
=
-
-
-

-

: decay




Top Production

We will update cross section

Cross section is as expected from QCD
0 1Of XP rom Q measurements in the near future
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e A +igmmgg Neural Network 2 output
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\s (GeV) E r p14 data (Nefertiti)
Y oL — 6-jet data with tagrate
v 6-jet data with SVT tag
10’;—
New limits-an, ol
séﬂﬁﬂfetﬁﬂ)acl In progress " Yellow = expected signal
soon. Top — all jets |, _ | | | |
o 0.2 0.4 0.6 0.8 1

MN2 discriminant, SVT tag
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Top mass

e New D@ Run I lepton+ jets mass measurement (Am = 5.4 GeV)
equivalent to a factor 2.4 increase in statistics:

S | FREN: : Run II mass analysis in
D A progress, using this
00 S e I ) technique, the classic (Run I)
e S //// technique, and a newly
538 | NS oo |/ /// developed one
) I oSN [ WA / el anticipated stat. error 6-8 GeV
DO m,,, = 179.0 + 5.1 GeV (I+ jets and dilepton combined)
B ,
Precise m,,, is important! example...
Previous New D@
WA top mass top mass 41 d
(8]
Higgs mass | 96 GeV 123 GeV 5
best fit + 60 + 76
- 38 -50 2- n
95% CL 219 GeV 277 GeV
upper limit ]
0 Excluded o Preliminary

John Womersley My [GEU]
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The Higgs Sector |

Discover (or exclude) scalar particles related to EWSB
Constrain their properties

The latest Tevatron luminosity plan makes it hard to cover the
whole SM Higgs mass range, but we will do what we can —
and the lowest masses (115 GeV!) are the most interesting




Higgs searches

o With our current dataset, we don’t expect to see a standard model
Higgs signal
— looking for nonstandard variants
— developing our tools, our understanding, and ability to model
backgrounds (e.g. W/Z +bb)
H - WW search I SUSY (A/H/h)bb search I
3

=10 Ei B . . = 200 imi

10 fLdt=118 pb’ J

é 1 i; H“I";ﬂ LIE_F.’_{t{:-pi:r;)'Ic.lr_l-l. . } g 150 \%

BUE L e - N

L ; excluded by D@ (H—> WW)

o 100+

)é10' R 4™ Generation Model

— T MSSM Higgses
8 /T;;:Dh::r T — —
1075 S0f bbi(— bb), ¢ =h, H, A
Standard Model Uses new NLO calculation
10°L § Is it compatible w/ CDF Run I results?

Eih I .is:-w\l NI NN RN NI NN A AT MO A SN M 1 I B [ B R | R T T —
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Also fermiophobic Higgs, doubly charged Higgs ...



Searches |

Find evidence for phenomena outside the SM
Improve constraints on such theories

John Womersley



Searching for Extra Dimensions

e Signal would be an excess of ee, uy, yy events at large mass and large
angle, due to virtual graviton exchange

High-mass electron pair event | diEM Mass Spoctum | gy Run |1 Preliminary

mass = 475 GeV, cos 6* = 0.01

Events/10 GeV

a— diEM Mass, GeV

| SiEM cost” Spectium | gy Run 11 Preliminary
Em T I 1 1 I T I I i

= s
3
N =
\ o
wl
Latest D@ limits from pp — ee, py, vy

Ms(GRW) > 1.43 Tev (N 200 pb']., 950/0 CL) “ o1 0z 01 o4 0f s o7 l.::o;;* -1
most stringent limit to date on large extra dimensions

Same dataset places limits on TeV-scale extra dimensions, Z' ...
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Indirect searches for new particles

e Measure the rate of the rare 35000

decay B, — ptu-
e In the Standard Model,

cancellations lead to a very small

branching ratio
— SM BR= 3.7 x 107°

e New particles (e.g. SUSY)
contribute additional Feynman

diagrams, increase BR
— up to 106
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# of events / 0.02 GeV/c 2
[

0.8

06

0.4

0.2

Signal region

Blinded box
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0
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1 EIE 1 1 1 1 2?
invariant (u 1) Mass [Gevic']

Jhy
Mass of muon pairs

-

JPC = 1— (all quarkonia)

SM signal (x 10%)

¥(15,25,35)
LL o v / -/
.

[ ) * j\.\‘-‘—»—_

FiL
PR S S T PRV R S

[ ] 10 12
Mass{u,u) [GeV]

2003 result (100pb-1 of data)
— Observed 3 events
— Expect 3.4 *+ 0.8 bkg.
— BR (Bg —» ptp’) < 1.6 x 107
(90% CL)

Switched to a blind analysis

for summer 2004

Still optimizing cuts;

don’t want to be biased w



Direct supersymmetry searches

Squark/gluino production Chargino/neutralino production

(Jets + missing E;)

(dileptons and trileptons)

500 I [T T 2_
4501 i AT ] 18F.  Search for ;ﬁ;{g — 31+X: Limit on ¢ x BR(3I)
f . f B M(x3) ~ M(2) = 2:<M(x1); M(slepton) - M{x2)
400+ o 1.6
o 3501 T OAaaaEe
% 300} =~ q1.2FExcluded at95% CL
! ¥ by LEP Chargino
lEcr'250 i . < = Searches
200 i f,’~§ 0'3:_ Excluded at by combination
150 ~ ~ . t %“9‘ 0_5}_—.\_ of etetl, e+u #+1 analysis
100_ q,9 — Jets 0_43' s . —— *
1\ :\k\ Expected limit
SO rmmemrmseanees = B — l]'2:_ mSUGRA theory prediction I -
O||||||||\I|\||\|\||\||||\|||| D_|||||||||||||||||||||||||||||||||||
98 100 102 104 106 108 110 112 114
0100 200 300 400 500 60 M(2) [GeV]
g (GeV/cT)
Also ...
e Gauge mediated SUSY We have entered unexplored territory
(photons+ missing E;) in terms of sensitivity to new physics

e Stop searches
e R-parity violating searches ...

John Womersley




Things are starting to be fun

e With 250 pb! in Run II, it is no longer crazy to imagine that new
physics may be present in our data at the few event level

+ data

1 trilepton candidate event
Expected background fairly small
Expected SUSY signal 1-2 events

... also find
1 like-sign muon event
Expected background fairly small

John Womersley




... and more fun

Run 187800 Event 82568527 Thu Mar 4 13:33:41 2004 Run 187800 Event 82968527 Thu Mar 4 13:33:42 2004

E scale: 65 GeV

-\

J

ET
(GeV)
+z

T

Run 187800 Event 52968527 Thu Mar 4 13:33:42 2004 e Gauge mediated SUSY search finds this
intriguing eyy+ME; event

— Mass of yy = 86 GeV,
but p; = 55 GeV/c

¢ Unlikely to be a Z2?

— Transverse mass of e and ME;
= 68 GeV

- B : e Consistent witha W
o S AN m ° Whatis the expected rate of Wyy
\— ‘ _ production?

John Womn —.;E;— § . :' I'I. A w

Bins: 808
Mean: 0.243 -3
Rms: 2.49 0 Ta7
Min: 0.00183
Max: 83.2
mE_t: 66
ohi I 222 dea

ET scale: 66 GeV




Prospects, plans |
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Detector Upgrades

e In light of the financial and luminosity situation, the Fermilab director
decided not to proceed with the CDF and D@ silicon detector upgrades

e In order to mitigate concerns over radiation damage and pattern
recognition in D@, we are constructing a new Silicon Layer 0

— Fits inside the existing detector
— Adds an additional radiation-hard tracking layer
— Makes use of Run IIb R&D and technology

diameter as
a golf ball

o Trigger upgrades remain as before (Calorimeter and Tracker)
On track for installation of both silicon and trigger in Summer 2005

John Womersley




Goals and Challenges

now

Detector Publications

e Also, we are starting to get to grips with
— Upgrade installation/commissioning/physics process
o Task force being set up

e Some recent management changes to position ourselves
(Jonathan Kotcher is now Technical Integration Coordinator)

— Long term manpower needs for detector operations and analysis
e HEPAP request

John Womersley



Conclusions

e The Run II physics program is unmatched in breadth and importance

e This physics program is based on the detailed understanding of
Standard Model particles and forces that we have obtained over the
last few decades

e Based on that understanding we can address some very big questions
about the universe

For example

— What is the cosmic dark matter? (Supersymmetry?)

— Is the universe filled with energy? (Higgs?)

— What is the structure of spacetime? (Extra dimensions?)

The Tevatron is in the only facility in operation that can do this

e The DO detector is working well and the collaboration is enthusiastic

e We have entered unexplored territory—who knows what we will find!

John Womersley
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